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EXECUTIVE SUMMARY

Seventy-four neuroscientists, cogrtive psychologists, education
researchers and practtioners, and policymakers were mvited o explore the
possible relevance to schools of recent developruents in neuroscience and
cogmtive psychology. This paper summanzes the July 1996 workshop
cosponsored ty the Education Commussion of the States and the Charles A
Dana Foundation.

Every day scientsts learn more about how a chuld's brain forms and
develops. Every day teachers struggle to find effectve tools for helping
children use thewr brams to their greatest capacity. In a sense. both groups
are focusing on different aspects of the same 1ssues. It seems logical that
sctence mught offer some clues to quide educators — and that educators
rmight ask questions that suggest fruitful areas for scientfic nquury.

Qddly, discourse between the two groups has been virtually
nonexistent, This workshop brought together noted researchers and
pracutioners in both fields for two days of exploraucn. Their charge: to
determune whether neuroscience has informaton that educators can apply.
and, if so, 10 suggest ways to bndge the histoncal communication gap
between the two fields.

Neuroscience has prownded faseinating ghmpses into the bran's
development and funchon. Scientists now bebeve the structures that control
percephon, acton and cogmuon develop at the same fime — not
sequentially, as was previously beheved. Balres are born with virtually a
hietume supply of nerve cells whose connections are established dunng the
first five or six years of life. Although the nunber of nerve cells undergoes
& contnuous, gradual refinement and “prumnng,” the brain’s abihty to
acquire new knowledge conhnues throughou! a hietme.

Even before barth, the infant's bram 1s constantly seekang to make
sense of what 1t expenences, including the use of language. For mstance,
babies everywhere can distingush the sounds of one lanquage from
another. But after about six months, babies beqin to develop "'magnets”
that attract them to the sounds of their own language. They lose their early
abwhity to discern fine differences in sounds 1n foreign languages. Those
“perceptual maps" developed n infancy may account for disinictive
national accents and the difficulty i1 learming and disinguishing related
sounds 1n other languages as we grow older.

The bram hias multiple memery systems that process and act on
information in different ways. For example, short-ternm memory 1s formed in
one part of the brain but must be fransferred to another for long-term
storage and remeval. Different memory systems contnbute diffierentlv to
physical, inteliectual and emotional activities.

Babies’ sensory and emotional environments affect thew development
in profound ways that are only bequinning to be understood. One study
exammed the effect of environment on very premature mfants carer for n
a newborn mtensive-care umt. The nursery setting consisted of bnight hights
and mechanical background no'se. with few voire sounds reachung

-,
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the nfants. The nfants who had litle parental contact made fewer sounds
than premature infants whose parents visitad and spoke to them
contnuously.

Other factors affecong the brain's development include maternal drug.
tobacco and alcohol use, pre- and postnatal mfant and maternal nutntion,
and early chuld care. Some of the brain's pnmary functions, such as vision.
have crincal development pencds, which., if rmissed. will never occur.
Whether crical penods exust for other functions such as language 1s not
clear, but there at least may be sensiive penods — wandows of opporturry
when learming 1s easier. Science has not yet establishe¢ whether secondary
skills such as reading and math have criacal or sensitive periods for
acquisition.

What 1s clear, though, 15 that early stimulation helps a child develop At
the same time. while much of the brain's basic equipment 1s 1n place at birth
and its neural cornnectiors continue to form dunng the first few years of life.
a great deal of plasticity exists in its cogruhve and mtellechual development.
Such findings suggest that an enriched home and school environment can
help make the most of each child's mental capacihes.

Children learn m different ways and display different types of
inteligence, but cocnventional measures such as [Q address oniy one form
of intelhgence. There 1s neurolequeal evidence that children are capable of
learming more than 1s currently bekeved if informanon 1s presented n the
manner best swit2d to each chud’s learrung style. It 1s thus important to find
ways 10 engage those special mtelhgences within an education system
designed to maximize each chuld's opportumbes to leam and to stop
underestimating their capacity.

It 15 also important to provide mulnple pathways for learning For
mstance, chuldren may learn 1o read more readiy with a combination of
phomcs and whele-language mstruetion or grasp mathematcs concepts
and procedures better if they do both real-world math projects and
rote-memory exarcises,

‘Workshop partcipants concluded that neuroscientfic ind  Js
probably do have implications for educahon, but there 1s a chasm between
what scientists accept as proven faci and what the public, teachers and
admirnstrators believe. Neuroscience aiready has developed a good deal
of well-substantiated information about how the brain develops and how
language 15 acquired. Some of that exsting mformaton may be applicable
1o education, but the scientists urged the educators not to atternpt to apply
new research findings untl further stuches confirm and expand them. The
group did agree, however, that collaborations between the twoe fields might
yield practical mformation and suggest future avenues for investgabon —
perhaps on topics such as language acquisibon that already have a widely
accepted bedy of knowledge.

A number of recommendations for fosternng communcation and
influencing policy arose from the discussions. Although there was nct
consensus on all poumts, some are histed here to spark discussion

Communication

® Help educators policymakers and the general public understand more
about how the bran develops. what heips and hunders 1ts progress. and
how to accommodaie different styles of icarmnig

Educauon Tompussion ot oo Brane
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* Develop ways of commuricating scientfic informaton to the media,
public and poli syrnakers that can be undersiood and acted on

® Agrec on common defimtons for “learning,” “memory.” “erncal
perniods and other terms with ruliple levels and mterpretations

Collaboration

# ldennfy specific areas of agreement among neuroscientsts as a basis for
collaboratve studies, base projects on established principles. not on
1solated results

* Developincentives and funding sources for sustained collaborative work
by neuroscienusis and educators

* Find ways to expedite the iranslation of scientiic research fir.dings mto
educationdl practice.

Policy

® Undertake a major national study to develop special-education pobcy
recommenJdations hased on what 1s known about how shild:en learn

@ Encourage state programs that address impediments to brain
development, such as prenatal care, parental pre- and postnatal
smokang. maternal diet and numton, and drug use.

® Reassess current education practices such as how and when foreign
lanquages are presented

¢ Create incentives and requirements for schools of education to
understanc . research and expand thelr teachung of early-childhood
development.

¢ Upgrade the quality of chiid care and create standards for proiessional
development of chuld-care workers.

Emeraing kmowledge of the bram holds encrmous promise for
mproving the education of young chiidren. it comes at a cnitical ime. The
ncreasingly technolngncal society places high demuands cn the intellectual
capactty of tie workdorce — and on the growing numbers of those persons
excluded from it Schools have not adequately addressed those needs
Conmnwung dralogue ar | collaboration among the greups assembiled for
ttus workshop. or among other individuals and groups. are steps in that
direction
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INTRODUCTION

by Frank Newman, ECS Presidemt

This publication represents a major step in bnnqung forward what
scientfic research has leamed about how the bramm develops and how thus
bears on efforts to mprove student acluevemnent. While educators have
known intwitvely that the bramn's structure and function play a cnbical role in
the capacity to learn, the flow of new research findings over the last
decade has provided new msights — often contradicting widespread
assumptions about children and learning.

The workshop on which this publcation 1s based brought together
experts from the neurclogical sciences, cogitive psychology and
education reform to talk about what each sector has learned that has
implications for the cthers’ work. Two broad research findings are of
particular importance (0 policymakers and educators. First, contrary to the
widely held view, children are not bom with a fixed mtelhgence. Rather, at
the: tme of burth, the bran and central nervous system are only partly
“hard-wared.”" The mfant's experiences — having someone talk to, sing to,
read to or play with lum or her — sigruficantly influence development of
the brawn and nervous system connections that define the ability to leamn.
Second, 1n contrast, some expenences, including matemal smoking or
malnutnton dunng pregnancy and mfancy, can inhibit development of the
capacity to leam.

These and other findings suggest that we need to radically revise
many polcies. Emphasi: on the first years of bfe for all children 1s even
more imporiant than we previcusly thought. Such findings hold particular
hope for unprovements i early-chuldhoed and special education if we can
develop effective ways to address learming problems early.

The workshop cid not provide cut-and-dnied prescriptions for
improving our schools: we did not expect it fo. In fact, the neuroscientists
warned that thewr findings are too tentabve and 1solated to serve as detaled
roadmaps for how we structure schools. The broad outhnes of the
discussion, however, dd show the possibiines of new and mere
productve approaches.

The workshop also provided a fascinating leok at the possibiities and
the potental for neuroscientists and educators te leam from one another. It
also provided a forum for educators to share their concerns and needs
with people domng the research on how chuldren leamn.

Much work remams to be done before many of these scientfic results
could be taken into the classroom. But if we can capitalize on what
neuroscientists already know and accept. and f we can contrnue to work
together, we will have a good bequining toward reachung that goal.
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Ray Suarez

Heast, Talk of the Naton
Nanonal Public Racho

Shouwld we act now
because there 15 so much
profound new
knowledge. or should we
wait for that very reason?

—- Lynn Kagan

WORKSHOP REPORT: BRIDGING THE GAP
BETWEEN NEUROSCIENCE END EDUCETION

Seventy-four neuroscientists, cogrutive psychologists, education
researchers and practitioners, and policymakers were invited to explore the
possible relevance (o schools of recent developments 1n neuroscience and
cogmitive psychology. The workshop, cosponsored by the Education
Commission of the Slates and the Charles A. Dana Foundabion, began with
brief presentations of selected findings in neuroscisnce, followed by
responses from the educalor’s perspeclive. Afler the formal preseniations,
partcipants broke 1nto four groups to discuss the issues i greater depul A
reporter from each group summanzed the discussion for the antire gathenng.

The second half of the workshop foliowed the same formal. excep!
education researchers gave the presentations and . ~Uroscienusts responded
Again, participants withdrew to therr discussion groups and reported thewr
observations. Finally, a panel moderaled by Ray Suarez of National Public
Radio considered how neurosclenusts and educators can work .ogether
effectvely to bring ahou!l needed policy changes. The workshop discussions
form the basis for this report.

Open a newspaper or switch on the evenung news, and you may find
a story about a promusing advance m brain research — perhaps a clue to
the effects of stress on the bram or a igh-tech gumpse of a bramn at work.

You are just ag likely to find an item on saggmng SAT scoresora
commentary deplonng the lack of preschool educanon for at-nsk
d-year-olds.

Those recurmng themes, and many related ones, are newsworthy In
the United States because they have profound implicatons for society.
Every revelation about how the brain operates, every isight that helps
students leam, can contnbute to a healthuer, more productve future for ak
children.

With that in mind, would 1t be prudent for researchers and educators
grappling with research protocols or cumculum challenges to shft thewr
focus outward from time to tune? Is there value 1n seelang answers — or
perhaps reformulaing questons — with the help of other disciplines that
may be looking at differ~nt aspects of the same 1ssues? Does neurescience
have a stake in the outcome of the education process? Can educaters pul
to practical use some of the new findings showng how the brain develops?
Can scientists and educators establish a dialogue that will enhighten both?

Those were some of the questhons participants tackled duning the July
1996 workshop in Denver, Colorado. Participants were invited 10 explore
ways to connect early brain development 1o strateques for mproving the
education of young chuldren. The two-day meeting was designed to lay the
foundation for a continung exchange of 1deas and to spur joint research on
early childhoed education. To that end, the Dana Foundaton announced
grant program cffenng seed money for planning efforts between
educators and brain scienhsts

i
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How Can Neuroscience Help Teachers Teach? ;

Scientists have leamed that the bran's “winng diagram'' staris to
develop early In gestaton, All parts of the bran develop m an ntegrated
fashion over e, and a baby comes 1mito the world with a nearly i
adult-s1zed brain that has most of its mental circutry already i place. The
task remaining is to sclder the neural connectons linlang the cerebral
structures. That process takes place at a rapid pace 1n the first five or so
years of life, with the appearance of first steps, first words and other
developmental milestones taking place within a well-established tunetable,
explaned Patncla Goldman-Ralkac, professor of neurcscience at Yale
Unuversity School of Medicine. Research (findings in
neuroscience] must
surely have some
, unplications for how we
; approach education
‘ Now educators must tell
us whal they are.

Whether the brain i1s "hard-wired” or "plastic” — and whether
plastcity includes the formaton of new connections — 1= a topic of
continumg debate in the neuroscientific comrnurity and stured more
discussion at the workshop. Goldman-Ralac 1s among those who bebeve
the number of connechons stabilizes by age &, followed by a hfelonc
refinement process, ncluding the strengthening of connections by
expenence. But development "goes on and on,” she pointed out. “Most — Patncia Goldman-
learnung takes place after age 6; people acquire new knowledge and skills : Ralac
over a ifehme.”

Some researchers teheve new connections form as the result of this
learming, noted Dee Dickanson, CEQ of New Honzons for Learrung. She
cited several studies suppertiag the position that neural connechons form
throughout a hietune. Therefore, it19 essennal to enhance opporturutes for
leamuing throughout hfe, not just during the first few years, she sad. \

Windows of Developmental Opportunity

Scientists do agree that certaw forms of learming are acquired wath
ease during various penods in a baby's development. Language is one
such faculty. Patricta Kuhl, professor and chasrwoman of the Departnrnt of
Speech and Heanng Sciences at the University of Washingion, reporl. i
that infants under & nionths of age respond with equal interest to the sounds
of all languages, but quickiy begin to develop a perceptual map that filters
out fine disbnctions ameng the sounds of other languages. That produces
an mterference effect which may account for the cifficulty in learmng
languages in later Lbfe, Kuhl said.

Those findings, and the ease with wiiuch children in bilingual famibes .
acquire two languages. mught lend credence to the argument that
forexgn-language instruction should begin m the early grades, not m lugh

school or college. On the more volatile 1ssue of bimgual education, do We need (o taik to the
educators or policymakers have enough mnformation from neuroscience to . public and the press, but
decide how to allocate funds to serve the foreign-born children entering ' it's hard to get these
Amencan scheols 1n such large numbers? The answer at thus pomnt 1s ' dufficult concepls across
clearly no. the group agreed, but further research may help gude the — Patncia K. Kuh!
soluton,

Early expenences, without a doubt, help shape the brain. The bram's
“winng” and thus its potental for future learning are influenced by the
sounds, sights and touch of the first few years of lfe. But 1s there a cnincal
penod for learning, when the brain must receive certain information before
the window of opporhwuty closes? In some cases, the answer 1s "yes ”
Vision, for example, seems tc have a criical penod. Visual perception can
ke severely compromused or never will develop if the brain does not
recgive appropnale sensory mnput early i ife

Education Commuszon of the States
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At 8 minimum,
development really
wants lo happen, It lakes
very impovenshed
environmenis {o
inlerfere with
development because
the biological system
has evolved so thal
environment alone
stimulafes development

— Steve Petersen

Cntical or sensihive penods alse may exist {for speech and basic
numeric concepts, suggested David Geary, professor in the Department of
Psychology. University of Missoun at Colurnbia. But some skills, which
humans have used for just a frachor of the brain's evoluhonary history,
may be secondary and thus less sensiive to the time of presentation. "It
may be irresponsible to speculate about cnical penods for reading or
math,” Geary said.

Setting the stage for emoucnal and mtellectual development aiso may
have a critical or at least a sensiive pertod. Lucile Newman, professor of
community health and anthropology at Brown Uruversity, reperted that
premanire infants in her study whose parents wisited themn in the hospital
nursery vocahzed more and had fewer problems at age 6 than preemues
whose parents stayed away.

Other environmettal factors such as diet, health and stress may also
mfluence developmental cutcomes, although researchets cisagree about
thelr importance. Jerome Kagan, professor of psychology at Harvard
University, pomnted out that not all cultures value early mteracuon with
infanis. Another participant cited the chuldren of certamn Guatemalan mbes
who raise their infants in 1solaton to lude them from “the evil eye.” Those
children still develop language, as do Romaruan orphans, for example,
who are rased m extremely unpovenshed environments. “The
relationshup between stimulaton and language acquisiion isn't inear,”
Kagan noted.

"At a minrnum,” observed Steve Petersen, assoclate professor of
neurology at Washington University Medical School, “development really
wants to happen. It takes very impovenshed environments to imnterfere with
development because the biological system has evolved so that
environment alone simulates development.”

Additional research may hely clanfy the relahonsihip between stmul
durnng early chitdhood and a chuld's mitellectual and emotional
davelopment. Early childhood expenences may have greater beanng on a
child's disposinon and talents than 15 yet known.

The Memory/Learning Link

Memory and iearming — and whether memory 15 learmnmg — 15
another educahon concern that neuroscience 18 begmning to Whumnate. At
its most basic, learning is the process of acquinng memory, but complex
neurological processes must take place to transfer newly acquired
miormaton to the long-term memory bank, where it can be stored for later
use 1 novel ways. The bram actually has mulaple memory systems {called
by different names m vanious fields) that have specific roles.

For example, the motor-memory system comes inte play for
developing physical sklis such as walking, golf or gymnashcs, and the
emotional-memory system has been shown to influence learming. The
emerqing iterature on the effects on learmng of stress. music and other
stmuli may help educators provide environunents that are more conducive
1o learnung for nonmal and learming-disabled chuldren alike.

How facts are acqured and appled has always been of concern to
educators, and the education system is shufing from teaching chuldren facts
to teachung them (o learn. At the same ame. muluplcation and speling
dnlls, the mamnstay of rote-memory learnng. may st have a plac~ma
balanced education diet, some participants said

Lducation Commussion of the Slate”
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Educators may find some candance for this quandry in studies of how
the brain processes different types of nformaton. For example, if science
could reveal whether differem mechamsms are involved in acquinng

boeck leamuing” than in learming from expenence, educators riught be abie
1o take advantage of such uiformaton in how they structure leaming
situanens. Laikewise, neuroscience may be able to shed some Lght on the
phomcs versus whole-language debate.

When facis or pnmary information are acquired 1s a concern of
educa‘crs and parents alike. Early-childhood education has been defined
generally as ages 3-6. Further elucidaton of the critical/sensiiive penod
calendar may suggest more attention 1s needed on the birth-to-age-3
penod. Parents then assume an even more crucial role in an infant's
mteliectual and emotional development. wath participants agreeing it 1s
important 10 help nvolved parents “do more of what they're doing” and 10
help at-risk farmbes do better.

New knowledge about how the bram grows and works poses a
problem for educators. said Lynn Kagan, senior associate at the Yale
Uruversity Bush Cenuer. "Shouid we act now because there 1s so much
profound new knowledge, or should we wait for that very reascn?” Several
parhcipants cautioned educators o resist the temptation to adopt policies
based on a single sturdy reported in the newspapers or to use
neurosclence as a propaganda tooil to promote a pet program.

Educators and policymakers. as well as the public and the press,
must take care 10 evaluate research findings in the context of a larger body
of knowledge, they agreed. Moreover, the divergent environmenis of
science and education further compound the problem of using scienhfic
mformaton: scientfic research methodically addresses a single preblem at
a time to elminate as many vanables as possible, but education must deal
sunultaneously with many relaied 1ssues. Peri awaits those who would
tackle education’'s mulhdimensicnal challenges with one-cimensional tools.

As Joseph LeDoux, professor of neurology and psychology at New
York Unmversity, put it: “There are no quick fixes These ideas are very
easy to sell 1o the public, but it 5 too easy to take them beyond their actual
basis in science.”

Cther participants expressed concern about the popular conception
of the bran as a computer. That image, said Lynn Arthur Steen, proi..ssor
of mathematcs at 8 Olaf College, 15 lughly ruisleading. “Thought 1s not the
product of ‘hard*  .J " The bramn-as-computer metaphor ignores the

uniquely human charactenstics hke consciousness and the capacity for
sell-reflechon and learnung from expernience. The bran 1s not a computer 1o
be programmed. nor a disk 1o be filled: 1t 1s an evolving ecosystem to be
ncunshed, he said.

How Can Educators Help Guide
Brain Research?

As a neuroscientist, Goldman-Rakic believes that understanding
somethung about how the bram and its component structures develop can
help educators understand readiness to learn. "The consistent tunetabie
we have demonstrated through research must surely have some
tmcbicatons for how we approach educanon.” she said "Now educaters
must tell us what they are

Luiucaton Commussion of the States

These ideas are very
easy to sell to the
public, but It's too easy
to take them beyond
thew actual basis in
scrence.

— Joseph LeDoux

The bramnisnot a
computer o be
programmed nor & cisk
tobe filled. itis an
evolving ecosystem to
be nourished

— Lvnn Arthur Steer.
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If neuroscience has
strategues to umprove
what we re doug, we
can put! them i piace
very quickly for four
m:ifron chiidren

— Robert Slavin

How can loday s
equcators help
lormorrow's
neuroscentisis”

— Geolfrey Saxe

Early chuldhood education i1s one area i which educators could take
advantage of what neuroscience needs. Many eariy-chidhood eaucators
have known mnutively that chudren’s capacities develop m tandem, and
the findings of neuroscience seem to support educaton researchers’ picas
for Integrated, contexiual mstruction 1n mathemancs, reading, spelling.
science and so on. But inchvidual vanation 1s wade. and many children with
dyslexa and learming disabiihes, parhicularly in disadvantaged areas.
need mntensive, one-on-one nstruction 10 learn to read, for example

Smularly, chuldren vary 1n their approaches 1o mathematcal
reasorung, and knowmg something about how the bram processes
numernc data may pount to new ways to instil mathematcal concepts "l
neuroscience has sirategies to improve what we're doing, we can put them
mn place very quickly for four mullion chddren” said Rebert Stavin,
co-cirector of the Johns Hoplans Center for Research on the Education of
Students Placed at Risk.

But educators haven't always asked for adwvice, and neuroscientific
knowledge may be toc 1sclated and leniative 10 date to have a strong
umpact on educaton. Paracipants agreed educators must be more
assertive, however, n stating their needs 10 brain researchers. james
McGauah, director of the Center for Ncurobiology. Learmng and Memory
at the Unversity of Cabforma-Irvine. suggested that rather than wainng for
neuroscientists to conduct research that may benefit them. educators
should lock to the mode] of NASA and the astronomers “lere s what we
want 1o know; how can you help us?”

Fducation researchers. reformers and local line educators have
vast reservorr of knowledge that 1s worthy of further inveshgation.
“Neuroscience needs to take the inhutive knowledge of people in
education whose expenence might help us think about useful areas for
research.” Petersen said. That would open the docr not only tc research i1
basic sctence but also to joint stuche s that rmight have wnmedzate practical
application.

Geoffrey Saxe. professcr 11 the Graduate School of Education and
Information Studies at UCLA, had some ready questions for neuroscience.
“Are chidren in tradihonal classrooms learming mathematces® How can we
help teachers create an atnosphere that fosters concepmal mathematics
understanding® In short, how can today s educators help tomorrow's
neuroscientsis?”

Steen wondered If neuroscience can cast some lght on the
relanonships among factual mathemanucs knowledge (such as 5+6=11),
procedural knowledge (long division) and understanding (place vaiuc) [:
those types of knowledge are acquired in different ways, educators may
be able to devise better wavys of helpina children arasp mathematical
concepts.

fdow Can Educators and Neuroscientisis
Continue This Dialogue?

Participants clearly agreed that the dialogue bequn with trus
vorkshop should -- i fact. must— contmue But making scienuoc
information avallable to educators wn usable form 1s still i the future "We
have no systematc means of disseminating knowledge. “observed Ron
Hrandt. assistant execulive directer for the Ascociatien for Supervision an.d
Curnculum Development ““We need to build a chain that inks each step 1c
the next n a natural, direct way

Education Uamnpussion of tne brae
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But before commummcation can be natural and direct, those mvolved
must agree on a common vocabulary. Throughout the sessions. many
shades of meaning emerged for concepts such as memory, learmng and
cntical penods. Until neuroscientsts and educators understand one
another s verbal shorthand, productive exchange will be dificult.

Parhicipants also agreed that each disciphne has a body of
knowledge that has not been well cross-fertilized to other elds.
Neurcscience has developed a good deal of well-substantiated informaton
about how the brain develops and how language 1s acquired. and
educaters have long recogmzed certain developmental milestones.

“We know, for mnstance, that foreign languages must be learned in the
first years of bfe to be learned well, but we don't have ways to take
advantage of that knowledge.” Brandt noted. ""How should we plan so that
chuldren will learn the !angquages our society needs? Will technology
reduce the need for people to know languages mn the years ahead?”

Collaborations such as the Parents as Teachers National
Center/Washington University Sciicol of Medicine three-year joint project
(see page 21) might be one way to answer such quesions. Ecucators with
creative proposals for projects may iind uitmately receptive — 1f irutially
skepncal — audiences

"I won't say my proposal to the neuroscientists was an easy sell.” said
Mildred Winter, /xecutive director of the Parents as Teachers Natonal
Center, "but eventually we developed a team of five neurosciertsts who
were willing to branstorm with a team of parent educators.” The
educational tools developed for thus project wall use scientfic informaton
about the bramn to help teen-aged mothers and single-parent farilies
ennch their babies™ early learmng environmments

Potentially fertile helds for jont nvestigation nclude examirung
dyslexia from a neuroscientific perspeciive or lacusing on a behawvior,
perhaps speech development, that invelves multiple systemns in the brain
Other mterdisciphnary studies might explore cntical penods or multple
memory systems to determine whether early-childhoed educanon should
focus on birth to age 3. Additional cellaborations might seek ways to
Improve the success rate of special-educaton programs or resolvo some
recurring questions about biingual educanon.

"Special education and children with disabiliies are nipe for
collaboraton between neuroscientists and educators,” said Donald Batley,
direcior of the Frank Porter Child Development Center at the Unuiversity of
Norh Carohina "Since most disabilities have a neurological basis,

neuroscience can help us understand how to mod:fy mstruction based on
srecific problems

The public’s hunger for knowledge behooves neuroscieniists 10 learn
1o commumucate outside of the academic community, participants agreed
Perhaps utermedianes can handle some of the tasks. suggested Frank
Newman. Educaton Commuission of the States presiden.. The
mtermedianes should have expertise in both spheres and be able to
translate and mierpret imperiant concepts w a way that couid be acted on
appropnately by parents or policymakers.

But there will be times when researchers must communcate directly
with the public. ) e . through the news media. "We need to talk to the public
and the press,” Kuhl agreed, "but it's hard to get *hese difficult concepts
across - especially when responding o reportets undet deadiiie

Educaton Comnussion of the Stares

How should we plan so
that children will learn
lie Janguages our
society needs? Will
technology reduce the
need for people to know
languages in the years
ahead”

— Ronald Brandr

Special education and
chiidren with disabuities
are npe for
collaboration beiween
neuroscientists angd
educators

— Donald Bailey
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The issue is not just
scrence and edurcation; it
15 learming and helping
chudren. That concerns
evervbody

— Juhn Abbott

The Uruted States 15 the
oniy industnalized naten
with nno national
education poicy and no
policy concernng the
care and development of
young childrer.

— TedG Fiske

pressure. Kathenne Bick, consultant to the Charles A. Dana Foundation,
urged fellow scientists not to ke “overly cntical of the few scientsts who
have learmed to communicate with the publbc. Those who are good
commurucators shouldn't desmroy thewr scienufic reputanons when
theydout.”

Whatever forms communcation channels take, *'we need to stunulate
public discussions.” said John Abbeott, director of the Educaton 2000 Trust,
“because the 1s5ue 15 not just science and education — 1t 15 learmuing and
heloing children That concerns everybocdy ™

How Can Neuroscientists and Educators
Help Shape Policy?

This gathenng of neuroscientsts and educators was not designed to
result in policy recommendauons. Rather, 1t was a first step at bnnging the
two groups together 10 talk about possibihhes and needs. Much more
commuricaton and work are needed before neuwroscience could have a
strong unpact on what happens in the classroom. Nevertheless, some
education policy areas were pomted 10 as possible places in which
neurosclence could aid publbic understanding.

Child care and youtt: policy tself arg two exxamples. The Unuted
Siates. noted Edward Fiske, senior counsel for The Widemeyer Group, a
Washington, D.C.-based pubbe relations firm and former educaton editer
of The New York Times. 1s the only industnalized naton witl: no nannnal
educaton pobcy and no policy concerning the care and development of
young children. Thorny 1ssues such as acaciemic standaras and whether
early-childhcod educatien should receive more attention than special
education have nct been effectively addressed at a naticnai level, ne said

Nor has the Unuted States addressed child-care standards. One
paracipant commented that evolution has not designed humans to care for
eigh! babies at one time, but infants and young chuldren are routinely
cared for 1n crowded day-care centers staflad by nadequately trained
employees.

Neuroscientsts can contribute 10 the »ublic s understanding of these
and other ssues and quide pubbc opiruon to mfluence educaton policy
refonm. participants noted. For exampie, enormous amounts of money are
powred mnte special-educabon programs whose effeciveness 1s a subject
of impassionad debate. As Baiiey pomnted out, ' The real policy 1ssue for
special educatien may be 10 define what we mean by individuaazed
service for all chuldren and how we can work for every chid's success
Findmmgs 1n neuroscience could perhaps help policymakers set
cost-effective vet compassionate goals for special educaton

* Many leguslators and governors are open ‘9 good acvice.” noted Un:
Treisman. director of th= Charies A, Dana Center for Mathematiss and
Science Education "WWe niust make sure we have mechansms for cving
advice to peopie whe seek 1t We are not as mfluential as we couid be n
saying how resources are spent

But educators and scientists should be cautious about how they app.y
influence. said Steen “Policy recommendatons have little chante of
survival unless they are well-connected t& curtent reform movements uch
as tnose for standaras accountability or local centrel - Thew must b
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Lacked by soid evidence and. once in place. acted on responsibly and
oftectively

Kagan neatly summed up the policy discussion: "Sccial change
comes from external fotces and also from what happens internally I is o
ek t¢ define what we want children 1o accomplish

The Brain Matters

If a single theme emerged {rom the conference, 1t wes. the bramn
matters It matters at the level of basic science, where researchers are
pamnstakingly unlockang the mysteries of its structures and funchens It
matiers for cognutive psvchologists. who are providing new msights into
how and when children learn and whether there are criical or sensitive
penods for acquinng certain lughet-level functions. The bram matters for
aducators o they can nd ways to ennch the school expenence for all
chidren — the qufted, the creative. the learming disabled, the dyslesxc, the

‘average’ student and all the children whose capabilitie's are not captured
by 10 or other conventional measures

The brain matters to parents and caregivers, 100, not just in
CCANMOoN-Sense 155u8s such as protecting a child's head from injury
Parents also must understand how prenatal drug and alcohol use, maternal
nutr:tion and early interaciion with infants «{fect the developing bram
belere and after buth The bramn's sensiivity to early environmental
influences also underscores the importance of adequate tramung for
early-childhood educators and child-care workers

The brain matters atso for pohcymakers, who 1nuke the tough
choices. and for schoal admirustrators who stnve to soueeze just a hitle
more service out of ever-shrinking budgets. Knowing how the bramn
develops may help them beler locus their priontes.

Tne brain matters because childien matter. How ehildren leam and
how wiey are taught matter. oo It is as sunple — and as complex - as
that
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We are not as influenual
as we could be w1
saying flow resources
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INFORMING THE DEBATE:

POINT/COUNTERPOINT

70 provide a spnnglioard for discussion, nenroscientists and educators
nnened the group on developments and concerns It their respectve fieids.
a2l sresemtaucn was tollowed by a response from the other flield's
sorcnectve The following section summanzes these discussions

Brain Development

What Can Neuroscience
Contribute to Education?

Patricia Goldman-Rakac
Proetessor of Neuroscience
Y e Unveersiry School of Medicine

wWe have learned through 15
reals of research that structures
i the bratn that control
percephon. action and cogrution
devclop at the same tme. The
bramn's blueprint 1s drawn during
the first half of gestaton, and its
developmental imetable and
pathways aren't easily altered.
Habies are bern with most of the
nerve cells — neurons — they 'l
2ver have. The major Connecuons
— synapses — between those
neurons are Joined during the frst
five vears of life, with fine turung
or pruung of the number of
synapses continung perhaps untl
puberty The number of synapses
remauns stable through mos: of
Jdult bfe and then gradually
declnes inold age

WWhle the chuld’s bramn
Jcquires a tremendous amount c.
wformation dunng the early
years. most learmng takes place
after synaptic forrmation stabiizes.
From the ime a child enters st
7rade. through hugh school,
ccllege and beyond. there 15 ittle
change n the number of
synapses There is considerable
clebate withun the fGeid about
whether [eaming creates new

Education Cummussion of the States

synapses — [ haven't seen
convineng evidence for that.

Contrary to what you may
rcad m the popular press, the
brain’'s structural and functonal
development 1s inseparable. No
cne area of the cerebral cortex —
the part of the brain responsible
for sensng, moving and thinkang
— develops earher or faster than
another. That doesn't mean that
every system marches i lockstep
with all the others, however. The
bran's struc‘ures are linked by a
complex network of inter-
connections, but each structure 13
a separate module that funchons
in parallel wath the others. !
Scientists don't yet know precisely '
the connechon between
behawvioral competence and the '
timetable of events mn the brain

Because learming and
memory are mmportant
components of the education
process, the study of memory 1s
another area of neuroscience that
may provide useful mformation for
educators. Memory can be
divided into two independent
systems: short-term or associative
memory (krowmng facts) and
long-term or workung memory
(using facts). Long-term memory
relier on many parts of the bran.
For example. spatal lmowledge.
object knowledge and word
knowledge are stored in different
parts of the cerebral contex.
Short-term memory. considered
the comerstone of cogruton,
shows a hugh correlateon with

- -
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Patricia Goldman-Rakic
Professor of Neurgscience
Yale Univeraity School
of Mecicme




Sharon Lynn Kagar.
Semior Associate
The Yale University
Bush Center

intelkgence, althcugh we do not
yet know whether incividual
differences in achievement or
problem-solving strategies refect
biolocreal vanations in brain
funcnon,

Neuroscientists have
learned a good deal about how
the bram develops and works.
Much remams to be learned. We
do know thal every part of the
cortex — motor, sensory and
cognitive — develops from whole
cloth. So 1t makes sense that
knowing when a child's bran
connectons are set 1o leam the
first words or take the first steps
would be useful to parents.
educators and pohcymakers. The
consistent pattern and ametable
we have demonstrated through
neuroscienhfic re=earch must
surely have sciie imphcations for
how we approach educaton. Now
educators must tell us what those
implcations are.

Response

Sharon Lynn Kagan

Senuor Associale

The Yale Unversity Bush Center

We have leamed from Dr
Goldman-Rakae that the brain
develops 11 an integrated fason
over tume. Babies don't talk one
week tie their shoes the next. and
then work on thewr emotonal
development — they learn many
skulls at the same tune. 1 suspect
early-childhood educaters have
known all along that educaton
needs to address multple aspects
of development sirnuitaneously

That finding undergurds the
call for integrated education 1n
mathemancs, speling. reading
and science. It also calls for
curmiculum designers to build
connecuen and context and for
policymakers to rethunk the
expendability of programs like

music and physical educat @
when budgets are hght. Beyond
that, it demands that ve take a
hard lock at how we're rammng
teachers and what educanonal
rezearch is gong to irack.

But the impoertance of the
findings goes beyord curmeulurn
1 would like neurcscience to
inform us about children's
cunosity. thewr temperament. how
they approach lfe, their tenacity at
learnunig new tasks and cther
nen-cogmhve dimensions of the
mind. All of this will have
sigraficant beanng on a more
fundamental 1ssue: the nature of
education uself

As soon as the American
public understands that much of
the neural wirmg s mn place
before birth, I think there will
mevitably be a new emphasis on
early-childhood education for
parents and for teachers "Early
childhood" has been defined as
the penod from birth tc age 8. Dr
Goldman-Ralar's findings seem to
narrow that window of opporturuty
1o birth to age 3.

Dr. Goldman-Rakac touched
on memery and learming, a
two-part process of acquunng
facts and using them effectively
Findings in neuroscience have
mimediate implicatons for
hgher-level thinking skalls —
abstract problem solving,
inference. deduction and so on —
the very 1ssues we re being called
on to address in educanecn reform
Those same findings seem to
suggest, however. that it may not
be such a good 1dea 1o abandon
all the cld-faslioned rote memory
trairung after all.

At the same tme. we need to
ask whether agity in rote-
memery acquisition and
conventional IQ tests are the oniv
standards of excellence. We nesd
to develop measures that
accommodale creatve thinkers

Eduecaton Conumssicn of the D
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and conceptuzlizers and consider
individual variations in learrung
style. Public educanon in Amernca
has been profoundly value-laden,
dnven much more by cuiture than
by bramn biclogy. Perhaps
neuroscience can help us develop
more mclusive standards

I'm excned about the
mphcations of neuroscience 1or
our work, but [ want to suggest
some safeguards agamst applying
scientfic indings hastly or
haphazardly. Let's ask whether
we're applying gencrally
accepted neuroscientific
knowledge; does it apply to all
chuildren or only to some, and if it
applies to all children, :s 1t
amenable to change? Equally
importarnit, how can we make sure
that scientific mformation 150t put
mto pracuce untd it has been
thoroughly \ested and confirmed?
How can we be sure every child
should read by age: = o1 play
Suzuk at 18 months?

We also need lo define who
should be teaching our children
during those crucial formative
years. How can we assure that
child-care workers have the
necessary education — and
approprate pay — to be
entrusted with the early training of
these plable young minds®

Language Development

How Babies Map Their
Native Languages

Patncia K. Kuhl

Protessor and chairwoman
Department of Speech and
Heanng Sciences
Unuversity of Washungton

From Arabic to Zuiu. the
sounds of language constantly
bombard the brains of infants
around the world. We know from
cur studies n [apan. Russia.

Edusation Commusaion of the Slates

Sweden, Finland and the Unuted
States that bables are bom with a
keen abiiity to distinguish among
language sounds. These tiny
master lmguists are true citizens
of the world.

Adults. on the cther hand.
can1 readily separate sumular
sounds In a foreign language.
That's why adult natwe Japanese
speakers have great difficulty
hearing the difference between R
and £ and nauve Englsh speakers
can'ttell a Bsound from a Vsewuw
in Spamish. What happens to turn
off the young child's abihty to
absorb the sounds of many
languages?

Withun their first six months,
infants develop "language
magnets” that attract their ears to
the sounds of thewr native
languages. For instance, the
vowel sounds af!, ee and oo occur
1n every language mn the world,
but not always 1n the same form
Bables are born with an ability to
distmguish among all vowel
sounds, but if a sound doesn'’t
occur 1n the baby's language. the
abihty to discern it will dechne.
For example, a baby who hstens
to Swedish, wath its 16 vowel
sounds, will have different
language magnets than a baby
who hears Englsh. with erght or
nine, or Japanese, with only five
vowel sounds. The Swedish baby
retawns ali the distinchons, but
Amencan and japanese babies
lose the abihity to distingquish those
vowels because their languages
do not contain those sounds. The
Amencan and Japanese babies’
developing 11agnets pull sounds
that were once distinct mnto a
single ¢ ‘*egory of sumlar sounds

Babies leamn to categonze
their languages’ specific vowel
sounds simply by bstening to theur
parents’ speech. At six months,
even before they can produce
and understand words, mfanie’
perceptual systems are

Patncla K Kuh!
Professor and Charwoman
Depariment of Speech
and Heam%Scxences

Unuversity of Washmeon
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Lucile Newman

Professor of Cormmumty
Health and Anthropelogy
Brown Univers:ty

configured to acquure thewr naave
languages. They have developed
an achult ability to 1gnore fine
chfferences i mstances of the
sounds and lump them mto a
smgie category. Imagmne how well
“wired babies must be after a
year of exposure to their
language. That winng, or
perceptual map, accounts for the
indelible accents that signal our
natonal and regional onguns.

The perceptual tmap
accounts for our duficulty n
acqunng new languages after we
leave chuldhood. | think our
language acquisihon mechansm
doesn't urn off, but rather
becomes hughly structured,
creatng an mterference effect. It
forces our munds to push new
sounds through the hinquistic
maps or filters we developed in
infancy The filters for Japanese
and Amencan adults hstening to
the same RL stinulus are totaliy
opposite: Amencans hear all Rs
clustered n a group and all Ls1n
another group, separated by a
wide perceptual space. The
Japanese adult, on the other hand.
hears the sounds m a Single
clusier and struggles with the
dishinction even after many years
of spealang English. Current
research in second-language
learmuing suggests that studemnts
learn {aster and better when
multiple speakers repeatedly
demonstrate the new lanquage

These findings have
important impications for
educators, pohcymakers and
parents. First, they underscore the
role of the parent or caretaker.
who provides essental early mput
during the crucial birth te age 3
umeframe How can we help then
deveiop thewr infants’ potentiai®

Second. they challenge the
pracuce of teachung foreign
ianduages n coliege and evern
hugh school They suggest that
languayges should be taughtin

preschocl, when children can
readily master two languages
simultaneously. Perhaps the ideal
situation would be to leam two
languages from mfancy in a
household with a native speaker
of each

Thurd, we must find out how
language learmng 1s altered n the
deveiopmentally cisabled or m
children wath dyslexia and auhsm.
Mapping 1s apparenily adequate
n people whose cogiutve or
perceptual problems keep them
from distinguishing sounds. Can
we help them Jleam?

Finally, are we devolng
encugh resources to develop the
mental capacies of the next
generanon? We must dnve home
thus message — shmulanen helps.
lack of strmulanon hurts.

Response

Lucue Newman

Professor of Commuruty Heallh
and Anthropology

Brown Umversity

Dr. Kuhl's stucies of
‘perceptual maps' suggest ihat
wnfants hear the range of sounds 1n
thelr native languages, probably
even before they are born What
might that mean for infants bomn
two to three months prematurely
who spend what 15 essentally a
prenatal pernied mn a hospital
ncubator”

Preemies’ environment in
the nursery 1s clearly very
different from their warm, dark
uterine cocoon. These intants are
oxposed to bright hghts and
mechanical background noses
Tney are mostiy alone and hear
few voices. unless someone
speaks directly mnto the mcubatc:
To talk to their balyes, visiting
parcuts must speak tiough the
incubator s oponings

Fducate Jommussion 2f the Stale
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Already underweight a
birth. these very premature mnfan's
lose weight duning hetr first
weeks of ife. Many parents.
disrurbed by what appears to be a
loss of ground. become
discouraged. Some qwve up As
one parent said. ' T'll get to know
tum i he comes hiome

Our study looked at
low-birthweight infants™ auditory
envirenment to determine how
often they vocalized. how parents
mnteracted wath their babies and
how the infants responded. The
parents of half of the nfants visited
infrequently or not at all. Most of
those babies didn't increase their
vocalzing dunng their first three
weel~ 1n the nursery. and some
vocahzed less by the tturd week
But infants whose parents visted
recuiarly vocalbzed twice as much
n the thurd week as i the frst
What 15 the import for the
developing percepludl maps of
those 1sclated infants who heard
so tle speech dunng therr first
months of hfe?

This mormng s speakers
have emphasized the effective-
ness of early stimulation 1n
developing the cogrutive capacity
of young chuldren, and my studies
of premature nfants confum the
basic argument that early
stirnulation 1s essential to normal
development

The development of the
brawn and central nervous system
can be impeded n other ways, as
well Our best estimate 1s that 128-
of infants born 1n ths country
suffer sigmhcant reduction of ther
cogrutive ability as a result of
preterm birth, smokang, alrohol ot
drug use \n pregnancy. malernal
and infart malnutrinon, and
postbirth lead poisoning or emld
abuse While smoking and alcohol
cccur throughout the population.
there 1s a much greater incidence
in poverty areas Parents and
soclety clearly can help or inder

Eaucator Commussion of the States

the cogrative capacity of every
indiwndual

Today s presentations
suggest o reemphasis on birth to
age 3, partcularly for those at nisk
It is important to prevent nisks of
learming impairment from pronatal
smolkang. drugs or alcohol use
Particular attention rmusl be
direcled 10 prenatal care, eariy
child care and extension of other
care programs like carly family
support, educatonal day care,
Parents as Teachers, and Famuly
and Work. But now that more
working parents must have their
chidren cared for by others who
may lack both educaton and
lrawrung. soclety 1s moving ia the
opposlte direcuon We must make
sure society and parenis clearly
understand thus bottom-line
concept' 1t matlers what you do

Literacy Development

What Does Education
Want from Neuroscience?

Robert Slavin

Co-director

Center {or Research on the
Education of Students Piaced
at Risk

Johns Hoplans University

What educalion reformers

want from neuroscience 18 good Robert Slavin
advice. We are always looking fe: Co-drrector

ol At R =3
ways 1o solve intractable probiems Caﬂfjcfxo:g?grtgg:;;h‘
like overall qualty of mstruction Placed at Rusk

and dealing with the small numbet fohns Hoplans Universiy
of children who are not reading

despite good-quality educaton,

effecnve family suppon sernces

and ndividual utonng.

Reading s a complex ac! It
nvolves developing fluent and
automnatic decoding. genenc
comprehension skils and
Sralcqics. metd Sogutve
strateanes for bewng aware of veur



Joseph LeDoux
Professcr of Neurology
and Psychologry
Center for Neuroscience
New York Unversity

own comprehension, strateqies for
assessing and filing 1 gaps 1n
your comprehensior: and study
skills and, finally, developing a
pleasure in reading. These and
many other components of
learmng to read would probably
map back 10 a difierent area of
bran function.

We already know taat
children vary widely in theirr
normal progression i reading.
The “natural readers’ read well
regardless of instructional
approach - you can hardly keep
them from readmg. Any approach
works for them, no matter how
unconventonal. “Teachable
readers,” the greatest number of
chidren, read well only if given
high-qualty nstruction. They
nught have succeeded with an
adequate basis 1n phonics.
"Tutorable readers” canread well
only when given high-quahty
nstuchen and ugh-quality
mdividus' tutonng. [ think this
qroup compnses the vast majonty
of children we call "learmnng
chsabled."”

Where we need the most
help from neuroscience s for the
final category: the true dyslexcs
= children who won't learn 1o
read even with high-quality
tutoring 1 thank this group offers
the greatest polental for genwne
breakthroughs.

Let's assume that the "easy’
preblems like cumeculu,
instruction, tamely support.
behawior problerns. poverty and
s0 on are taken care of For the
nondyslexic groups, we need a ot
of information. For the teachahle
reader, we want your help in
identfinng the normal processes
in earmnr.g o read We want to
know about the role of phonics,
automatcity. transfer of learrung.
\We want to heip children apply
knowledge from one area to
another so they can solve more
complex problems

2

For the tutorable raader, we
want to understand something
about bram functon that can be
used 1o assess the needs of a
speciic child. That would be very
useful n designing a focused
tutoning appreach.

Help us understand
precursors to reading n younger
chuldren 50 we can design
strateqgies that are not reacing
self but that help chidren
become more successful readers
when they enter school.

Help us sce the links
between all forms of development
and our educanonal chjectives.
Help us dewvise approaches to
teaching that take us beyond the
traditional styles that have hmited
us for so long

Ultmatewy, educators and
educatonal researchers are going
to have 1o solve these problems,
but we can benefit enormously
from the hints and drections we
get from research on brain
science. lf you have strategies to
improve what we're doing, we can
put thern m place very quckly for
about four million children.

Response

Joseph LeDoux

Professor of Neurology and
Psychology

New York University Center for
Neuroscience

Learning and memory 1s one
area of neuroscience that has
accurnulated a systematic body of
knowledge

Learming and memory 1 thuink
we all agree that learning 1s part of
memory — it may be one-tnial
learming. but it 15 shll learmung Yeu
rmught say that learmng 1s the
process of acquinng the memory
Learmung 1s what happens when
information 1s presented. memory

- . .
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1s the gradual process of
marnupulating that information into
a form 1t will mamntain over wme so
that it can be consciously
retrieved and apphed [ think
neuroscientists and psychologqsts
need to get back to basic 1ssues
about learmung. We need to focus
on the way the brain learns. If
there's no leaming. there's no
memory. and therefore, there 1s
no hteracy

Hard-wared vs plastic
systems. All leartung and memery
systems have an element of
plasticity by nature’s design. We
need 1o consider the environ-
mertal factors that influence how
hard-wired systems develop. such
as poor diet, stress, diseasc and
exposure to mformaton ai he
right developmenital penod.

Individual d:fferences. In
most behavioral/cogrunve
experiments on learmung and
mernory, we apply statstical
methods to throw out the extremce
examples, the aumals that don't
learn. There may be value 1n
trymg to fiqure out what indrndual
differences keep those ammals
from leammng.

Muitple memory systems
Humans have multiple memory
systems: the declarative system,
which makes possible conscious
memory; the ability to pull
information out of the memory
banks and apply it in flexiine
ways. an emohonal system which
1t some ways operates
ndependently but can inluence
operation of the declarative
system. and systems that deal with
learmuing motor sklls. All are
important in developing lteiacy.

Systems vs structures. No
structure in the brain is an i1sland
Each performs 1ls funiction as patt
of a system.

Humarn vs. animal The most
detalled information we have
about how the brain works comes

Eclucation Conumussion of the States

from amumals. Obwviously. humans
have some capactties that arumals
don’t. such as language,
maihematics and music. If we
cannot address tose 1ssues u.
arumal studies, should we
approach them at the level of
detaled neurebiology. or must we
rely on studies of language.
scavenging what we can from
studies of other kinds of systems?

Memory vs. behavior. We
tend to think of memory as
nformanon we have access 10, but
that's not always so0 Our research
has shown that patterns of activaty
persist in the brawn, even when a
behawvior such as fear s no longer
being expressed. We have seen
that when learmung increases
activity in one cell. it also increases
the relationships among cells,
formmng "cell assemblies” winch
we believe hold memones. These
cell assemblies may fire
spontanzously, without recewving a
stirmulus. ln other words, the arcut
utiates its own actrvity, which may
shed hght on pheas and other
unconscious behaviors.

These 1deas are shll
speculative, but they da show how
techmicnies i neuroscience can
¢™ e new msights nto how the
brain helds memory. even when
the memcTy 15 not expressed in
action.

How can brawmn research help
cducators? I'll end with a word of
caulion we njust be careful about
applywng 1solated facts from
neurosclence {o an 1ssue mn
education. Furst, make sure they
are facts and that they fit into the
context of a larger body of
knowledge. Then apply the whole
body of knowledge so that each
prece of information 15 constramned
by other rformation; that way.
we'll have the needed checks and
balances



Geoffrey Saxe
Professor, Graduate
School of Educanon and
Informaton Stuches
University of Califorma
at Los Angeles

Mathematics Concept
Development

Are Children Learning
Mathematics ?

Geoffrey Saxe

Professor, Graduate School of
Educanon and Informaton Studies
Unuversity of Cabifornia

at Los Angeles

Procedures — steps takento
accomplish a goal — are often
linked to culture. Counting, for
example, 15 a sumple numenc
procedure for which a Papua New
Gunea tnbe has developed a
system based on the human bedy
Their counting system consists of
27 body parts starting from the
thumb of one hand, progressing
up around the upper body to the
bitle finger of the opposite hand
The tribe has no number words.
so they gesture toward the body
part representng that number —
the bicep 13 9, for example.

In contrast, Englsh-speaking
peoples have evolved a very
cifferent way to count. Our system
mnvolves using words 1o descnbe
numbers; the Englsh language
has many number words that
chuldren by age 2 or 3 use to count
objects. Children apply a
one-to-one correspondence with
objects but gqive special status to
the last number in a set — for
example, calling a group of five
aobjects “five.”

Chudren learn many other
procedures, such as how to
multply. divide and do fractions
They are also faught conceptual
operatons that give mathemancal
meanng to the procedures they
learn. For example. if a chutd of 4
or 5 1s asked to make the second
obnect 1n a row number 4, he wili
count the first as /. skap to the thurd
for 2. call the fourth 3 come back
1o 1dentify the second as 4, then
jump to the end to call the fifth
object 5. The child has grasped
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the concept of how one-to-cne
correspondence should alter his
couning procedure.

These conceptual operations
are really a fonm of sense-making.
and thewr orgarizanon shfis as
they develop. If 4th-, 5th- or
6th-graders are asked towrite a
fragnon showing how much of the
drawing 1s gray. some chidren
will wnte /. Those children are
interpreting the fracnon as a whole
number. Other chuldren wil wnte
1/6. meaning they understand
fractons as the relanonship among
parts. Salt others will new 1t as a
part‘whole relatonship. writing the
nurnber !/7, not appreciating the
square as a contnuous quanhty
Each of those ways of makang
sense of this frachion has some
iniernal coherence. Thus
demonstrahon makes i clear that
procedures can be quite separate
from conceptual operations. and
developmental psyv.iologists are
trying to understand how the
orgamzation of math: natical
thinkang shofts over ume.

Here are some questions for
neuroscientsts that 1 thunk are
relevant to mstructon as well as to
ciscussions of neuroacience
cducaton. Is it reasonable to ask
whether chuldren in tracitional
classrooms are learming
mathematics? Is procedural
imowledge. 50 often the staple of
mathematics mstruction,
recogrized as mathematics from a
neurescientst's perspectve? If
not. then how can we help
children develop conceptuai
knowledge in mathematcs?

If conceptual imowledge
should be our focus. what kinds of
professional development
programs do we need for
teachers and admunstrators® How
can we help teachers create
claszrooms n which children
make conceptual advances in
mathematics®

Education Comnuss:on of the States
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Iwould welcome wformaton
about studies iIn neurosclence that
will inform our understanding of
what enhances. what hmits and
what supperts both procedural
and conceptual mastery n
chidren [ also would welcome
your 1houghis on how
neuroscience now and i the
future can benefit from our
k _owledge of and research into
children’s mathematcal
educanen How can we help you®

Respense

David Geary

Professor

Department of Psycheleqgy
Universaty of Missour) at Columbia

The first st~m 1n bridging the
gap between neurosciance and
education 15 to find a conceptual
framework that will hnk
neuroscience, psychology and
education. Let us step back from
learming mathematcs and
reading, then, and consider the
possibilty that evoluttonary
psychology mught prownide that
broader foundation.

At the most general level,
human behavioral. bramn,
cogrutive, motivatcnal and
emouonal systems are designed
by natural selecthon to achueve
some level of conirol over the
emnronment Cogmton 1s part of a
functional system that links
irnportan evoluticnary goals with
the envaironment i1 which those
goals must be attained. The
achievement of evolved or
prnmary goals requires
domar-specific procedural
competence (behawiors that act on
the enviroriment), concepiual
competence (knowledge of the
domain constrams procedural
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competence) and application
competence {(knowing when and
where procedures are best used)

There 15 a crucial disunction,
however, between what [ call
biologically primary and
secondary cogrutive abilites. [t
appears that chidren are
prepared emotionally.
motivanonally, cognitively and
neurobiologically to acquire
Jwlogucally primary compe-
tencies Examples are lanquage
and ofner forms of social
cognution. along with gauging the
physical and biological
environment. There also appears
to be a biologncally pnmary
numenc competence that mcludes
a basic understandmg of counting.
adchtion and subtraction. Primates
and olher species also have tus
basic numenc competence, but 1t
appears to be limited tc quantites
of four or fewer,

These primary
competencles are mbally skeletal
— that 1s, just the basic
procedures, concepts and implcit
understandmg of where and when
to use the knowledge are present.
Learmng develops more fully as
chuldren are exposed to their
envircnment. Children are
biologically motivated to seek out
siuations. often through play, that
help develep thelr primary
competencies such as lanquage
and soctal skills.

Bul much of whet children
learn in school 1s biologneally
secondary. Children do not
appear to be compelled by
bioloqy to learn what they need to
learn to function in a techno-
legically complex society like
ours. They are pnmed to acqure
language and Lasic skills, but not
to learn to read and sclve

Dawvid Geary
Professor, Department
of Psychology
Umversity of Missoun at
Columbia



complex anthmenc problems.
Strong cultural support is needed
10 help children leamn those
secondary skills.

| believe the task for

researchers and educators i1s to
betier understand.

]
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How those pnmary
competencies can be modified
and used to acquire skills such
as reading, wrting and
complex arithmetc.

. How our natural modes of

understanding the world can
faciitate or impe... learmung 1n
the classroom. For example,
people base risk judgments on
easlly remembered examples
such as aurplane crashes rather
than use more powerfil
stanstical methods. This
primary memor ~-based
strategy may interfere with
learning and using
school-taught stanstics

. How farmily, commuruty and

zultural factors mnfluence the

oo

motivation to learn secondary
skills.

4 How we determme the cnucal
or sensiive peniods — if they
exwst — for acquunng pnmary
abiities. The concept of
sensitive penods makes sense
for pnmary abibbies because 1t
allows for an open system that
can adapt these abihties to iocal
situations. Are there sensiive
penods for secondary skalls like
mathemnancs or wnung? We
don't know:; 1n fact. it may be
uresponstble to speculate
about cniucal penods for those
types of skails.

These are areas where
cross-cdiscipiinary exploratior. may
be fruithul. We need to know what
emerges 1n school and what
doesn't; we need to know what
qualibes are conbnuous across
human cultures and which are not.
we need to know what works for
most or all kads, notthe 10%6 or so
who pick up secondary shlls
without rnuch effort

Lducatuon Commussion of the Slate:
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Collaboration in Action: Parents as
Teachers/Washington Universily Joint Project

Mildred Winter, Executive Director
Parents as Teachers Nathonal Center

Steve Petersen, Assoclate Professor of Neurology
Director, Division of Neuropsychology
Washington Urnuversity Medical School

Editor's Note: The Parents as Teachers program described here 1s an
example of a recent coliaborative effort between educators and
neuroscientsts The collaborative 15 funded by The Dana Foundatian.

Parents as Teachers (PAT) 1s a parent-education/faruly-support
program to help farmbes qive their children the best possible start in bfe.
Cur service to parents begms prenatally or at birth. Founded in 1981 as
a smgle piot effort in St. Lows, Missoun PAT now encempasses 2,000
sites across the country. Our growth demonstrates that parents are
hungry for gquidance n the challenging task of reanng a young child.

The three-year collaboration between the Parents as Teachers
National Center and the Washington University Medical Schooi Division
of Neuropsychclogy hopes to ranslate research findings on pre- and
postnatal development inte informanon that will help parents unprove
thexr child-reanng practces. For this project. supported by the Charles
A Dana Foundauon, we will devoie 18 months to preparaton, then
deliver services to 160 young farmibes for the remawrung 18 months of the
study penod.

Qur first task will be to idennfy up to 10 imporiant — but not
cumng-edge - developments in neuroscience that may be useful to
parents. We want to use well-establshed findings relevant to the 1ssues
the program wanis to address, such as how memory relates to learmng
a..d the crincal-pernod concept.

During the first phase, we will develop scripts and audiovisual
malerials for the parent educators and the treatment group, who will be
selected from parenis enrolled in the PAT program We are looking for
maothers who are hikely to expenence stress in parenting, such as
pregnant teens m theur thard trimester who are still in school and single
adult parents who have less than a high school educaton or who are on
chblic assistance In keepmg with our phlosophy of uruversal access,
we will also select single parents who are neither undereducated nor on
public assisiance. The control group. also PAT enrollees, will receve our
standard program We also will develop tools to measure the program's
effectiveness.

Dr. Pamcia Kuhl from the Umuversity of Seattle and Dr. Carla Schatz
from the Unuversity of Cahforma at Berkeley wall serve as external
adwisors throughout the project, and Dr, Michae! Strube of Washington
University will develop and test the measurement 1ools for rehiability and
valichty

Miicred Winter

Executive Direcior
Parents as Teachers
Nauopal Centex

Trere Sapree:

Directar, Dinsicn
of Neuropsychclogy
Washington Unuversmy
Medicdal Schec!



NEXT STEPS

Throughout the two-day workshep. the neuroscientists and educators
gamed a deeper understanding of one another's concems and constrawmnts.
They imtwtively saw mmportant imphcanons of bramn research for educauon,
but concured that sustained collaborative work 1s neeced before those
results can be taken imnto the classroom. Suggesuons from the group and
vanous individuals are listed below 10 serve as a starting powt for
discussion. They do not represent a CoNsensus amorng paricipants.

Communication

¢ Help educators, policyrakers and the general public understand more
about how the brain develops, what helps and hinders its progress. and
how 1o accommodate chfferent styles of learnung.

* Build pathways through a journal, newsletter or World Wide Web page
devoted to commumecatuon amoeng the disciphnes.

® Help parents learn how to shmulate their chidren s cogruive growth,

* Develco more effectnve ways of commumcanng with the press, public
and policyrmakers i a way that can be understood and acted on. Find
ways to translate knowleclge wnto a form usable by educaton msttutons.

* Agree on common defirubons for “learmng, ' "memory,” “cniical
peneds” and other terms with multiple leveis and _tterpretations.

Collaboration

s Convene public policy conferences of research synthesizers, educaton
developers and policymakers 1o reassess current educanon pracuces.
such as how and when fore:gn languages are presented or the care and
educaton of ctuldren before birth through age 6

» |denniy specific areas of agreement amohg neuroscientsts as a basis for
collaboranve studies — base projects on established principles, not on
1solated results. Two 1mnal common denominators mught be cnitical
penods and multiple memory systems. both of which have considerable
relevance to education.

* Develop mcentves and funding sources for sustained collaboratve work
by neuwroscientsts and educators.

® Identfy cnocal areas for early learmung. For example, should mherent
gapacmes such as speech. language, movement and emotional
development recetve more attention than learned sklls such as
mathematics and reading?

* Find ways to expedite the transizizon of scientfic research results mto
educanonal pracuce.

30
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Policy

® Undertake a major national study to develop special-education policy
recermmendations

® Encourage state programs that address unpedunents fo bran
deveiopment, such as prenatal care, parental pre- and pcstnatal
smoking, maternal diet and nutmbion, and drug use

¢ (radte incentves and requurermnents for schools of eduzation to
understand, research, and teach eatly-cluidhood development in new
ways, for example, via modermn biology-based cumculumn

* [ind ways to focus resources on birth to age 6

s Upgrade the quality of chuld care and create standards tor prowessona.
development of child-care workers. .

* Require staies and school distnicts to set clear standards bullt cn existing
knowledge and recogrution of their students untapped potental

Lducatioh Comrnission ¢f the States
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University of Texas at Austin

Donald Badey, Director

Frank Porter Chuld Developmont
Center

University of North Carolina

Letcia Barnes, Editonai Assistant
to the Editor-1in-Chief, Dana
Press

The Dana Allance for Brain
Imhatves

Washington, DC

Katherine L. Bick. Consuitant
Thie Charles A. Dana Foundation
‘Wilmington, NC

Barbara Bowman, Presidert
Enckson Insttute for Advanced
Study of Child Development
Chicago, IL

Ronald 5. Brandt, Assistant
Executive Director
Association for Supervision and
Curmculumn Development
Alexandna, VA

Sue Bredekamp, Director
Professional Development
and Academy
National Association for the
Education of Young Chuldren
Washington, DC

Fducaticn Comnussion of the Stales

Daniel Burke, Staff Associate

Directorate of Education and
Resources

Nahonal Science Foundation

Arbingtcn, VA

Geoffrey Cane, Pricipal
Caine Learming
Idyllwild, CA

Renate Nummella Caine, Professor
Department of Education
Cabformia State Unuversity

San Bernadino. CA

Bettye Caldwell, Professor of
Pediatnics

Department of Pediatric Care

Arkansas Children's Hospntal -
South Campus

Lattte Rock. AR

Susan Chipman, Program

Manager, Cogmtive Science
Office of Naval Research
Arhngton, VA

Joseph C. Conaty, Director
Instiute on Student Acluevement.
Curmiculum & Assessment
Office of Education. Research
& Improverment
U1.5. Departnent of Educaton
Washingtor, DC

Marjone Cutler, Program
Assistant. Educaton

The Charles A. Dana Foundation

New York, NY

Jerlean Damel, Assistant Professor
Childhood Development Program
University of Pittsburgh
Pittsburgh. PA
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